Introduction
============

Gliomas are the most prevalent primary brain tumors ([@B1]-[@B3]) with a median survival of about one year ([@B3]). While grades I, II, and III progress to a poor outcome over 2 to 10 years, grade IV behaves more aggressively ([@B2]) and despite treatment improvements 5-year survival of Grade IV glioma (Glioblastoma Multi-form:,GBM) still remains poor and reported less than 5% ([@B1], [@B3]-[@B5]).

Angiogenesis is an essential component of tumor growth ([@B6]). The signals could be related to environmental or genetic alterations in the tumor ([@B6]). Vascular Endothelial Growth Factor (VEGF) is one of the stimulants of endothelial activation, believed to be secreted by almost all solid tumors, including glioma ([@B6], [@B7]). Hypoxia promotes VEGF ([@B6]), hich correlates with microvasculature formation and tumor growth and has been targeted to treat high-grade glioma (GBM) ([@B8], [@B9]).

On the other hand, regarding abnormal phenotype of tumor vessels, there is great interest in understanding the underlying genetic alteration of tumor angiogenesis and differences in protein expression, which might provide potential tumor-specific targets for therapy ([@B6], [@B10]-[@B12]). Prostate Specific Membrane Antigen (PSMA) is a type II integral membrane glycoprotein, which was initially determined in prostate cancer cells, yet was later discovered to be robustly expressed in neo-vasculature of a variety of solid tumors, including GBM ([@B2], [@B13]); this suggests the possible role of PSMA in tumor angiogenesis ([@B14]).

In brain tumors, because the tumor substance could be protected by the Blood Brain Barrier (BBB), the endothelium is commonly exposed to a potential radio-labeled antibody or antibody conjugated by cytotoxin. Therefore, targeting the endothelium in brain tumors appears more attractive ([@B6]).

In histology, GBM reveals high vessel density, indicating significant angiogenic activity ([@B15]). The presence of PSMA, as a potential promising target in some tumors, including GBM, has been previously evaluated ([@B2], [@B6], [@B16]-[@B18]). However, data about lower grade gliomas is limited ([@B2]).

Since despite treatment lower grade gliomas often progress and transform to higher grades and more aggressive forms, using novel therapeutic methods and new strategies offers complementary treatment options for all grades of glioma.

In this study, the researchers evaluated the expression of PSMA in different grades of brain glioma by the immunohistochemistry method to determine the probable usefulness of Anti-PSMA antibody, as complementary target therapy in glioma. Also, the expression of PSMA was compared with VEGF, to determine possible alternative roles in tumor angiogenesis.

Materials and Methods
=====================

Paraffin blocks of formalin-fixed samples diagnosed as glioma (astrocytoma) during 2011 and 2014 were retrieved from the archives of the department of pathology, Shariati Hospital, Tehran, Iran. The slides were examined and reclassified according to the World Health Organization (WHO) classification. The questionable cases were excluded. The tumors were divided to high and low grades, including 10 grade I and 26 grade II samples, categorized as low grade, and 9 grade III and 27 grade IV, classified as high grade. Paraffin blocks with representative amounts of viable tumor tissue were selected and sectioned at 4 µm intervals for the Immunohistochemistry study. Immunohistochemistry was performed using monoclonal liquidNovocastra ^TM^ --Liquid- Mouse monoclonal antibody (clone 1D6, Novocastra) and Rabbit polyclonal VEGF Antibody (Pu483-up, BoiGenex), according to the manufacturers' instructions. For VEGF, certain modifications were considered. Briefly, sections were deparaffinized, rehydrated and incubated in buffer solution (60°C, PH=9) for one hour. After 15 minutes at room temperature, samples were placed in 3%hydrogen peroxide for 60 minutes and washed with distilled water. Non-specific binding was blocked with a 30-minute wash in free serum protein block solution (Dako). The anti-VEGF antibody in a 1:15 dilution was used and the slides were incubated at 4°C overnight. The slides were then placed at room temperature for 15 minutes, and washed with Tris-Buffered Saline (TBS) buffer solution. Next, secondary anti-body (1:15 dilution, super sensitive TM Polymer-HRP IHC Detection System, Bio Genex) was added and the samples were incubated for 30 minutes followed by washing with buffer solution.

Prostate tissue and capillary hemangioma were considered as control tissue for PSMA and VEGF, respectively ([Figure 1](#F1){ref-type="fig"}).

![Prostate as a positive control for PSMA (A) and Hemangioma as a positive control for VEGF (B](ijp-13-045-g001){#F1}

Also, a CD31 (monoclonal Antibody, JC/70A, BioGenex) study was performed to confirm localization of neo-vasculature endothelium.

The stained sections were assessed for the intensity and extent of endothelial cell staining in tumor micro-vessels and scored semi-quantitatively ([Tables I](#T1){ref-type="table"} and [II](#T2){ref-type="table"}) ([Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}).

After data collection, the analysis of quantitative and qualitative data was performed using the Statistical Package for Social Science (SPSS) version 19 (IBM corporation). P values of \< 0.05 were considered statistically significant.
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![Different patterns of intensity of VEGF staining: Score 0 in diffuse glioma WHO grade II(A); Score 1 in diffuse glioma WHO grade II (B); Score 2 in diffuse glioma WHO grade II (C); Score 3 in diffuse glioma WHO grade IV(D](ijp-13-045-g003){#F3}

###### 

Interpretation of IHC Results Regarding "Extent" of Staining

  Percentage of stained endothelial cells (%)   Interpretation
  --------------------------------------------- ----------------
  0                                             Negative
  1-9                                           Minimal
  10-39                                         Moderate
  40-69                                         Strong
  \>70                                          Very Strong

###### 

Interpretation of IHC Results Regarding "Intensity" of Staining

  Intensity                               Interpretation
  --------------------------------------- ----------------
  Faint and weak staining at High power   1+
  Moderate intensity at low power         2+
  Strong reaction at low power            3+

Results
=======

Positive result for PSMA staining was observed in 12 (33.3%) of the high grade and 3 (8.3%) of the low-grade gliomas, including 2, 1, 1 and 11 positive results of samples in grade I, II, III and IV, respectively. A statistically significant association was observed between PSMA expression and tumor grade (P value=0.009), meaning that high grade gliomas more commonly had positive results for PSMA; although most of them had negative findings.

Moreover, the researchers determined that the intensity of staining was significantly stronger in low-grade tumors (P value=0.009) ([Table 3](#T3){ref-type="table"}).

The extent of PSMA expression was wider in high grade gliomas, yet this was not significant (P value=0.693) ([Table 4](#T4){ref-type="table"}).

The VEGF had positive result in all tumoral vessels and high grade tumors showed stronger reaction in comparison with low grade gliomas (P value=0.052) ([Tables 5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}).

###### 

The Intensity of PSMA Staining in Different Grades of Glioma

  --------------------------------------------------------------------
  **Interpretation**\   **1+**   **2+**   **3+**   **Total**   
  **Of Grade**                                                 
  --------------------- -------- -------- -------- ----------- -------
  High grade            IV       9/27     1/27     1/27        11/27

  III                   1/9      0        0        1/9         

  Low grade             II       0        1/26     0           1/26

  I                     0        2/10     0        2/10        
  --------------------------------------------------------------------

*P*-value= 0.009

###### 

The Extent of Prostate-Specific Membrane Antigen (PSMA) Staining at Different Grades of Glioma

  ------------------------------------------------------------------------------------------------------
  **Extent of Staining**\   **0**   **1-9%**   **10-39%**   **40-69%**   **\>70%**   **Total**   
  **Grade**                                                                                      
  ------------------------- ------- ---------- ------------ ------------ ----------- ----------- -------
  High-grade                IV      16/27      4/27         5/27         1/27        1/27        27/27

  III                       8/9     0          0            0            1/9         9/9         

  Low-grade                 II      0          0            0            0           1/26        26/9

  I                         8/10    0          2/10         0            0           10/10       
  ------------------------------------------------------------------------------------------------------

*P*-value= 0.693

###### 

The Intensity of Vascular Endothelial Growth Factor Staining in Low and High Grades of Glioma

  ------------------------------------------------------------
  **Interpretation**\   **1+**   **2+**   **3+**   **Total**
  **Grade**                                        
  --------------------- -------- -------- -------- -----------
  **High Grade**        0        12/36    24/36    36/36

  **Low Grade**         0        5/36     31/36    36/36
  ------------------------------------------------------------

*P*-value= 0.052

###### 

The Extent of Vascular Endothelial Growth Factor Staining in Low and High Grades of Glioma

  ------------------------------------------------------------------------------------------
  **Interpretation**\   **0**   **1-9%**   **10-39%**   **40-69%**   **\>70%**   **Total**
  **Grade**                                                                      
  --------------------- ------- ---------- ------------ ------------ ----------- -----------
  **High-grade**        0       0          2/36         2/36         32/36       36/36

  **Low-grade**         0       0          0            4/36         32/36       36/36
  ------------------------------------------------------------------------------------------

*P*-value= 0.433

No significant correlation was observed between the extent and intensity of PSMA with VEGF (0.634 and 0.398, respectively).

The mean age of patients was 46±14.4 and 25.6±10.1 years in high- and low-grade tumors, respectively.

In addition, patients with tumors showing a positive reaction to PSMA were older on average (44.5 years old versus 33.7 years old) (P value=0.020).

Discussion
==========

The PSMA is a highly specific ([@B6]) type II ([@B6], [@B19]) trans-membrane protein ([@B14]) located on chromosome 11p ([@B20]). This membrane was initially thought to be prostate specific ([@B20]), however, further studies discovered that cells of the small intestine, proximal renal tubules, and salivary glands express PSMA ([@B19]-[@B21]).

The function of PSMA is currently under investigation ([@B6]). It has been characterized that PSMA has folate hydrolase activity and some studies showed that it also has a neuropeptidase type function ([@B6], [@B19], [@B20]).

Moreover, expression of PSMA on the neo-vasculature of many solid tumors, including GBM, has been shown by previous studies ([@B2], [@B6], [@B19], [@B20]). Although the significance has not been fully determined, the pattern of expression suggests that PSMA may play a functional role in angiogenesis ([@B14]). It is anchored to the cell membrane, which makes it an ideal promising therapeutic target ([@B6], [@B14]). In addition, it can be internalized making it an appropriate candidate for pro-drug activity ([@B6], [@B14], [@B22]). In-vivo, anti-PSMA antibody has been used successfully against the neo-vasculature of a number of solid non-prostate tumors ([@B6], [@B23], [@B24]).

The luminal side of intestinal epithelium is not accessible via vasculature and PSMA targeted antibodies are too large to filter to the glomeruli, thus the antibody cannot reach the apical surface of renal tubular epithelial cells. Hence, targeting PSMA on endothelial cells of tumor vasculature can selectively destroy tumor vessels and rather spare normal tissue, which lacks PSMA expression ([@B2], [@B25]).

In brain tumors, including GBM, BBB protects tumor mass, at least partially, so the endothelium of brain tumor can be exposed much more readily than tumor substance ([@B2], [@B6]). Also, probable low-level heterogeneous expression of PSMA in normal brain can be protected by BBB ([@B2], [@B26]).

In a study by Wernicke et al., ([@B6]) 32 cases of GBM were evaluated, all of them revealed PSMA expression in their neo-vasculature, regardless of the morphology of endothelial cells. They concluded that PSMA could be a potential novel therapeutic vascular target ([@B6]).

In another study by Mhawech-Fauceglia et al., ([@B6], [@B18]) 49 of 52 GBM samples evaluated by IHC using microarray, had negative results for PSMA. Two samples had weakly and one moderately positive results. No strong reaction was observed. The researchers did not report any neo-vasculature expression due to minimal stroma in their samples. These were in contrast with the former study by Wernicke et al. ([@B6]), which explained that the discrepancy is probably due to using different clones of anti-PSMA antibodies (3E6 mAb by the former versus y-PSMA-1 by the latter).

In addition, none of the PSMA positive non-prostate tumors (including GBM) evaluated by Mhawech-Fauceglia et al. ([@B6], [@B18]) showed membrane staining despite the fact that PSMA is a trans-membrane protein ([@B6]). This also supports the explanation considered by Wernicke et al. ([@B6]).

A number of previous studies have evaluated PSMA expression in GBM ([@B2], [@B6], [@B18], [@B19]), however, the data on lower grade gliomas is limited ([@B2]).

In the current study, the glioma cases were divided into high- and low-grade categories. High-grade gliomas significantly more commonly had positive results for PSMA (P value=0.009). In high-grade tumors (including grades III and IV), 12 of 36 (33.33%) cases showed positive reaction to PSMA while only 3 of 36 (8.33%) low-grade tumors had positive finding for PSMA.

Of 12 positive high-grade tumors, 1 and 11 cases were categorized as grade III and IV, respectively. Thus, not all cases of GBM had positive result for PSMA, which is in contrast with the observations of Wernicke et al. ([@B6]). In a study by Nomura et al. ([@B2]), formalin-fixed paraffin embedded samples of primary and secondary brain tumors were evaluated for PSMA expression. Samples of grade I ([@B5]), II ([@B4]), III ([@B5]) and IV([@B5]) as well as 4 cases of normal brain were included in this study. The expression level was imaged and quantified using automated hardware and software. Their assessment revealed that GBM cases had strongly positive results for PSMA, and grade II and III tumors exhibited staining in tumor parenchyma with no endothelial cell staining. In grade I gliomas, the vessels showed moderate staining. The vessels of the normal brain had negative results for PSMA ([@B2]).

According to the current findings, 2 cases in grade I and 1 case in grade II and III had positive results for PSMA, respectively.

The overall positive reaction was significantly more in high-grade tumors, yet no significant correlation was determined between the extent of PSMA staining and tumor grade. However, the intensity of endothelial cell staining was stronger in low-grade tumors (the 3 positive low grade gliomas revealed 2+ intensity) (p=0.009), which the former is in concordance with the findings reported by Nomura et al. ([@B2]).

As mentioned previously, different patterns of PSMA expression among several reported studies could be due to using various clones of antibody targeting different antigenic epitopes.

The current study used Novocastra liquid NCL-L- PSMA Clone 1D6, while both the previous mentioned studies ([@B6]) ([@B2]) performed IHC staining by Anti-PSMA mAb 3E6 DAKO (Carpentaria, CA).

Chang et al., ([@B19]), evaluated 5 different Anti PSMA Antibodies (7E11, J591, J415, HybritechPEQ226.5 and PM2Joo4.5), each bounded a distinct epitope of PSMA. They concluded that, with rare exceptions, all five antibodies reacted with neo-vasculature of a vast majority of malignant neoplasms, including one case of GBM ([@B19]).

The clone used in the current research was not included in the latter study and only 1 case of GBM was included in the study ([@B19]). Therefore, the researchers suggest that regarding variable or contradictory results, the extent of PSMA staining within different glioma grades needs to be further investigated in large-scale studies.

The VEGF is another angiogenic factor released by many tumor cells ([@B22]). Hypoxia promotes VEGF secretion ([@B6]) and VEGF simulates angiogenesis resulting in increased vascularity ([@B22]).

Intact VEGF and its receptor (VEGFr3-VEGFR2/KDR) are determined as a major pro-angiogenic player in both pathological and physiological angiogenesis ([@B15], [@B27]-[@B29]).

In brain glial tumors, grade-dependent VEGFR3 expression has been determined, meaning that it is absent in normal brain with scarce expression in low-grade astrocytoma (grade II) and greater expression in grade III and IV (15, [@B30], [@B31]).

The authors also observed rather the same findings.Venous Endothelial Growth Factor Receptor VEGF was expressed in all glioma grades with stronger intensity in high-grade tumors (p=0.052).

Targeting VEGF with Food and Drug Administration (FDA) approved mAb Avastin (bevacizamab) is one of the new classes of therapeutic agents via prevention of neo-vascularization of the tumor leading to a decrease in tumor size ([@B1], [@B32]).

Previous studies found that treatment of GBM with bevacizumab causes considerable reduction in tumor stem cells in a mouse model ([@B9]).

Investigations revealed that despite reduction in tumor size via VEGF blockade, there is no dramatic impact in tumor invasiveness ([@B1], [@B33]) and the outcome remains poor ([@B6]).

It has been suggested that VEGF inhibitors may be potentially combined with anti-PSMA antibodies ([@B2], [@B34]-[@B38]).

This can be explained because PSMA appears to induce VEGF independent angiogenesis ([@B2], [@B39]).

Expression of PSMA in GBM and more important in at least some lower grade gliomas, as observed in the current study, may provide a basis for more investigations focusing on selective treatment regimens in combination with the current standard care in all glioma grades, to improve treatment efficacy and tumor progression.
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